Context. The 30 Doradus region in the Large Magellanic Cloud is one of the most outstanding star forming regions of the Local Group and a primary target to study star formation in an environment of low metallicity.
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considered to be the most spectacular HII region in our Galaxy powered by a central compact massive cluster containing over 2000 M ⊙ .
30 Doradus is powered by a dense central compact cluster, R136. This cluster was initially thought to be a supermassive star (1000 M ⊙ ) to explain the measured UV photons required to ionize the HII region. Several very massive stars in R136 and other hot stars around (Walborn & Blades 1997 ) emit a very large flux of Lyman continuum photons which ionize most of the surrounding gas, forming a super-giant HII region. The stellar winds and possibly supernova explosions have eroded an asymmetric cavity, bounded on one side (the NW half) by denser material, seen in particular as molecular clouds (Johansson et al. 1998 ). Today we know that the cluster R136 consists of a compact dense core (0.1 pc in diameter), where more than 65 O3-type stars, the most luminous stars known, and more than 10 WR stars have been disentangled with HST observations (Massey & Hunter 1998 ).
R136 has a stellar mass of 10 5 M ⊙ and a total luminosity of ∼ 10 8 L ⊙ . The R136 cluster, the prototypical Super Star Cluster (SSC), is visible by naked eye at a distance of 50 kpc.
In this sense, 30 Doradus is exceptional and the study of star formation and the molecular ambient in this HII region is crucial to understand the star forming processes around massive compact SSCs interacting with low metallicity molecular clouds, which are exposed to high UV radiation fields and strong winds from WR and luminous O stars. The physical conditions in this ISM resemble those that existed in the early universe and thus can shed important light on the primeval process of star formation.
30 Doradus has been extensively studied in optical and near infrared (NIR) wavelengths (Poglitsch et al. 1995; Rubio et al. 1998 In particular, Rubio, Roth, & Garcia 1992 (RRG) reported for the first time an isolated IR source (source W9) located ∼ 20 ′′ northwest of R136. Based on the source position in the J-H vs H-K color-color diagram and its spectral energy distribution, the authors proposed that W9 was most probably a young massive star. Ground based infrared observations with high sensitivity and improved spatial resolution allowed for the discovery of several new bright embedded IR sources associated with molecular clouds in this region (Rubio et al. 1998 ). All of the RRG sources were identified and some of them were resolved into several components. RRG-W9 was resolved into two sources, IRSW-127, a very bright object with the largest IR excesses among those in 30 Doradus (K S = 13.48, K S -H = 2.85), and IRSW-105, displaced by ∼ 6 ′′ . These two IR sources show spatial coincidence (within ∼ 10 ′′ ) with the O-type stars P621 and P600 classified as O3-O6 V by Walborn & Blades (1997) , who remarked that they might be very young objects on or near the zero-age main sequence. As Rubio et al. (1998) suggest, the IR sources and the mentioned O-type stars likely represent the same star-formation envents.
Star formation occurs in molecular clouds. These clouds are expected to be destroyed by the violent interaction of the newly born massive stars. The two IR sources were found at only 0.5 pc from the energetic massive cluster R136 and their proximity motivated us to study the molecular gas near the massive and luminous stellar cluster R136.
In this work, we present 12 CO J=2-1, 13 CO J=2-1, CS J=2-1 and 12 CO J=1-0 data towards IRSW-105 and IRSW-127.
Observations
High sensitivity observations in 12 CO J=2-1 (rest frequency: 230.538 GHz) were made between January and July, 1998 using the 15m Johansson et al. (1998) and Ott et al. (2008) in their 12 CO J=1-0 observations. Mapping was done with 10 ′′ spacings to produce fully sampled maps. The data were reduced using CLASS 1 and linear and in few cases, third order polynomia, were used for baseline fitting. The spectra were smoothed to a velocity resolution of 0.25 km s −1 .
The observations covered the region between the two strongest CO molecular clouds mapped in 30 Doradus (Cloud 10 and Cloud 6, Johansson et al. 1998) where no CO 1 CLASS is a GILDAS software for reduction and analysis of (sub)-millimeter spectroscopic data. GILDAS, the "Grenoble Image and Line Data Analysis Software", is a collection of software developed by the Observatoire de Grenoble and IRAM. We also obtained 13 CO and CS J=2-1 spectra towards the position of the strongest 12 CO J=2-1 emission in the area, RA = 5 h 38 m 39.5 s , dec = −69
• 05 ′ 37.5 ′′ (J2000). The telescope beam at the CS J=2-1 transition is 45 ′′ with a beam efficiency of 0.70. These spectra were reduced in a similar way as the 12 CO J=2-1 observations. A 12 CO J=1-0 spectrum towards this position was obtained from Johansson et al. (1998) . Previous studies of the ISM in 30 Doradus have shown that H 2 structures appear intimately associated with bright IR sources, embedded O stars, and dense molecular clumps exposed to strong stellar radiation field (Poglitsch et al. 1995; Rubio et al. 1998 ). In Figure   1 (right), we have included in yellow contours the 2.12 µm molecular hydrogen emission extracted from Rubio et al. (1998) . The H 2 emission and the CO contours show a similar spatial distribution, with the IR source IRSW-127 associated with the brightest H 2 and CO emission. Table 1 presents the molecular parameters of the strongest CO clump displayed in To determine the size of the molecular clump we applied R = N π 1/2 ∆s, where ∆s is the linear grid spacing and N is the number of positions at which the cloud is detected above ∼5 σ rms . We obtain a radius of ∼ 3 pc. Since the angular size of the considered structure is comparable to the angular resolution of the present observations, a linear radius of 3 pc can be derived as an upper limit for the size of this clump. We derived the CO luminosity L CO = 120 K km s −1 pc 2 , using L CO = I CO N (∆s) 2 , where I CO = T mb dv. Table 1 . 12 CO J=2-1 molecular parameters of the strongest CO clump displayed in Figure 1 (right In Figure 2 we present channel maps of the velocity integrated 12 CO J=2-1 emission in steps of ∼ 2 km s −1 towards IRSW-127 and IRSW-105. The two IR sources are located at the position of the peak and the SW border of 12 CO J=2-1 emission in the ∼ 244 km s −1 velocity channel map. The spatial coincidence of IRSW-127 with the molecular clump peak and the large IR excess of this source, strongly suggests that IRSW-127 is embedded in this molecular clump. CO emission is also seen at lower and higher velocity components in a different spatial location as that of the ∼ 244 km s −1 component. At lower velocities, the CO emission corresponds to an elongated structure extending from southeast to the center of the region. At higher velocities, the CO emission is associated with other molecular structure that contains the northwestern clump and others clumps farther away. This is evidence for a high degree of clumping in the region. Figure 3 shows the spectra of the 12 CO J=1-0 and J=2-1, 13 CO and CS J=2-1 transitions obtained towards the position of the strongest 12 CO J=2-1 emission; RA = 5 h 38 m 39.5 s , dec = −69
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• 05 ′ 37.5 ′′ (J2000). The spectra were hanning smoothed and are presented as histograms for a better display. In all the CO transitions three velocity components are seen, at 237 km s −1 , 244 km s −1 , and 249 km s −1 , respectively, while the CS J=2-1 spectrum shows emission only at the two higher velocity components. Table 2 summarizes the line emission parameters as obtained from gaussian fit to each spectra. We determined the line ratios of the strongest CO clump at the velocity component ∼ 244 km s −1 . These ratios are presented in Table 3 , which includes the intensity ratio and the velocity integrated line intensity ratio at the peak position convolved to the same beam size.
On the other hand, integrating the 12 CO J=1-0 data from Johansson et al. (1998) around ∼ 244 km s −1 , we found a weak emission at the position of our CO clump.
Convolving the 12 CO J=2-1 map to the J=1-0 angular resolution we obtained the 12 CO J=2-1 and J=1-0 integrated line ratio (R 2−1/1−0 ). For the CO clump we obtained R 2−1/1−0 ∼ 1.5. The value obtained in the isotopic line integrated ratio is in agreement with those for molecular gas in other star forming regions in the Magellanic Clouds (Israel et al. 2003) , and compatible with a low metallicity and strong radiation field. The multiple peak structure and the presence of wings in the spectra may indicate that the main contribution to the gas motion could be a turbulent velocity field (Falgarone et al. 1994; Garay et al. 2002) .
The detection of CS J=2-1 towards this molecular clump implies the presence of dense gas. Generally, this 'high-density' tracer indicates densities ∼ 10 5 cm −3 with an upper limit of a few ×10 6 cm −3 (Heikkilä et al. 1999; Wang et al. 2009 ). The CS J=2-1 line traces the dense interior of the clump, while the CO lines trace the external and less dense envelopes.
The angular resolution of the CS J=2-1 observations is a factor of two lower than the 12 CO J=2-1 observation, which implies that the CS spectra covers the total 50 ′′ × 50 ′′ studied area. Thus the CS emission could be coming from several dense regions. and τ 13 ∼ 0.13, respectively. This result would not be significantly altered if T ex were as larger as 30 K. The 12 CO J=2-1 line appears optically thick while the emission in the 13 CO J=2-1 line is optically thin. The ratios obtained from our CO clump are similar to those obtained in N159 . Different beam filling factors play a minor role on the line ratios, even in a clumpy medium (Gierens et al. 1992; Pineda et al. 2008 ).
Molecular mass
We have used three independent ways to estimate the molecular mass of the discovered molecular clump. First, we assume that the molecular clump is in virial equilibrium.
Assuming that the clump has a spherical shape, a radius of 3 pc, which is an upper limit, we estimate M vir 1 × 10 4 M ⊙ , using the constant B = 190 for a density profile of ρ(r) ∝ 1/r (MacLaren et al. 1988 ). Secondly, we estimated the molecular clump mass from the observed 12 CO J=2-1 luminosity using an H 2 -12 CO(1-0) conversion factor of X ∼ 7 × 10 20 cm −2 K −1 km −1 s, 2.5 times the Galactic value, as determined for this LMC region (Garay et al. 2002; Israel et al. 2003 and reference therein). We multiply this conversion factor by the integrated line ratio R 2−1/1−0 = 1.5 obtained for the studied CO clump obtaining a molecular mass of M CO 2.7 × 10 3 M ⊙ . Thirdly, we derived the mass using the 13 CO J=2-1 emission and by assuming LTE conditions. We assume optically thick 12 CO J=2-1 emission and a beam filling factor of 1, which may not be completely true but allows us to make a first initial guess. We derived an optical depth, τ 13 ∼ 0.12 and using the fractional abundance of [H 2 / 13 CO] ∼ 1.5 × 10 7 for this region (Heikkilä et al. 1999 ) we obtain M LTE 1.5 ×10 4 M ⊙ . As a result, we derive a number density of H 2 molecules of n vir 2.0 × 10 3 cm −3 , n CO 0.5 × 10 3 cm −3 and n LTE 2.8 × 10 3 cm survived from photo-dissociation (Lequeux et al. 1994) . Another possibility to reconcile the masses estimated in different ways is by assuming a conversion factor 13 times larger than the Galactic value, as obtained by Garay et al. (1993) for molecular clouds in the 30 Doradus halo. Using this conversion factor we obtain a molecular mass from the observed CO luminosity of M CO 1.4 × 10 4 M ⊙ , in agreement with the LTE mass.
Conclusions
We discovered a molecular clump located ∼ 20 ′′ northwest of the center of the compact cluster R136, where the IR source IRSW-127, a young massive star, is likely embedded.
This source appears very strongly correlated with the molecular maximum. We derived a clump radius of 3 pc as an upper limit, a molecular mass of 10 4 M ⊙ , and a density of 10 3 cm −3 from the 12 CO J=2-1 emission. The R 2−1/1−0 ∼ 1.5, higher than the average value of R 2−1/1−0 ∼ 0.8 in a 9 arcmin beam, is consistent with optically thick, thermalized, dense gas (≥ 10 3 cm −3 ) ready to form stars as pointed out by Sorai et al. (2001) .
The molecular clump lies in a region of H 2 emission. Poglitsch et al. (1995) suggest that the clumpy H 2 emission that they observed in 30 Doradus may be coming from photo dissociation regions (PDRs) and could be produced in dense ∼ 10 6 cm −3 molecular clumps exposed to the stellar radiation field. The molecular clump studied in this work is exposed to an UV field of ∼ 6000 times the average Galactic UV radiation field as determined using the Starburts99 code (Leitherer et al. 1999 ) for a 2 Myr cluster with a metallicity of 0.008 at the distance of 20 ′′ of R136 (Guzmán, private communication). Thus, the clump could have a large envelope of self-protected molecular gas.
Our detection of CS J=2-1 emission confirms the presence of dense gas, ∼ 10 6 cm −3 , in the molecular clump. It is detected at ∼ 245 km s −1 , very close to the velocity component where the 12 CO J=2-1 emission is stronger and spatially correlated with the two IR sources.
Although the CS J=2-1 emission is stronger at the ∼ 249 km s −1 velocity component, the CO emission at this velocity does not show spatial coincidence with the IR sources. Thus, this CS emission could come from another dense clump where massive star formation has not yet occurred, or if it has occurred, the possible IR sources would not been detected by existing surveys because they could suffer an even larger extinction than that of IRSW-127.
Higher angular resolution observations of this high density tracer would be needed to study the dense gas structure of the region.
As mentioned above, the CS velocity structure shows evidence of clumpiness, which agrees with previous results for the 30 Doradus Nebula (Johansson et al. 1998; Heikkilä et al. 1999 ) and is compatible with star forming activity. We find additional evidence of this activity: (1) the LTE mass (M LTE ) is slightly larger than the virial mass (M vir ), which according to Kawamura et al. (1998) and Tachihara et al. (2000) could be interpreted as an indication of star formation, and (2) the isotopic line integrated ratio ( 12 CO/ 13 CO) agrees with those found in different star forming regions in the Magellanic Clouds.
We conclude that the discovered molecular clump could be the remain of molecular material which has survive the interaction of the strong winds and UV field of R136. This CO clump is an example of a dense molecular cloud with a large fraction of its mass in H 2 and not in CO as this molecule has suffered strong photo-dissociation from the UV radiation flux of the massive central cluster R136.
We confirm the suggestions that possible energetic winds and strong UV radiation from the stellar cluster R136 could be triggering the star formation in the surrounding molecular clouds, and that IRSW-127 could be a newly formed young massive star embedded in a dense molecular clump.
